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Description

FIELD OF THE INVENTION

[0001] This invention relates to functionalized polymers and rubber vulcanizates prepared therefrom.

BACKGROUND OF THE INVENTION

[0002] In the art of making tires, it is desirable to employ rubber vulcanizates that demonstrate reduced hysteresis
loss, i.e., less loss of mechanical energy to heat. Hysteresis loss is often attributed to polymer free ends within the
crosslinked rubber network, as well as the disassociation of filler agglomerates. The degree of dispersion of filler within
the vulcanizate is also important, as increased dispersion provides better wear resistance.
[0003] Functionalized polymers have been employed to reduce hysteresis loss and increase bound rubber. The func-
tional group of the functionalized polymer is believed to reduce the number of polymer free ends. Also, the interaction
between the functional group and the filler particles reduces filler agglomeration, which thereby reduces hysteretic losses
attributable to the disassociation of filler agglomerates (i.e., Payne effect).
[0004] Conjugated diene monomers are often anionically polymerized by using alkyllithium compounds as initiators.
Selection of certain alkyllithium compounds can provide a polymer product having functionality at the head of the polymer
chain. A functional group can also be attached to the tail end of an anionically-polymerized polymer by terminating a
living polymer with a functionalized compound.
[0005] For example, trialkyltin chlorides, such as tributyl tin chloride, have been employed to terminate the polymeri-
zation of conjugated dienes, as well as the copolymerization of conjugated dienes and vinyl aromatic monomers, to
produce polymers having a trialkyltin functionality at the tail end of the polymer. These polymers have proven to be
technologically useful in the manufacture of tire treads that are characterized by improved traction, low rolling resistance,
and improved wear.
[0006] Because functionalized polymers are advantageous, especially in the preparation of tire compositions, there
exists a need for additional functionalized polymers. Moreover, because precipitated silica has been increasingly used
as reinforcing particulate filler in tires, functionalized elastomers having affinity to silica filler are needed.

SUMMARY OF THE INVENTION

[0007] In general the present invention provides a functional polymer that is defined by the formula

π-R1-α

where π is a polymer chain, R1 is a bond or a divalent organic group, and a is a sulfur-containing heterocycle selected
from a thiirane, thietane, thiolane, thiazoline, dihydrothiophene, thiadiazine, thioxanthene, thianthrene, phenoxathiin,
dihydroisothiazole, or thienofuran group or substituted form thereof.
[0008] The present invention also includes a method for preparing a functional polymer, the method comprising ter-
minating a living polymer chain with a functionalizing agent where the functionalizing agent is defined by the formula

Z-R4-α

where Z is a leaving group or an addition group, R4 is a bond or a divalent organic group, and α is a sulfur-containing
heterocycle as defined above.
[0009] The present invention further provides a vulcanizate prepared by vulcanizing a rubber formulation comprising
at least one vulcanizable rubber and a filler, where the at least one vulcanizable rubber is a functional polymer that is
defined by the formula

π-R1-α

where π is a polymer chain, R1 is a bond or a divalent organic group, and α is a sulfur-containing heterocycle as defined
above.
[0010] The present invention further provides the use of a functional polymer as defined above for preparing a tire
component.
[0011] The present invention further provides a vulcanizate prepared by vulcanizing a rubber formulation comprising
at least one vulcanizable rubber and a filler, where the at least one vulcanizable rubber is a functional polymer as defined
above.
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[0012] The present invention further provides a tire component composition comprising a functional polymer as defined
above.
[0013] The functionalized polymers of this invention advantageously provide carbon black, carbon black/silica, and
silica filled-rubber vulcanizates having reduced hysteresis loss, improved wear, and improved wet traction. Also, filled-
rubber vulcanizates prepared with the functionalized polymers of this invention exhibit a reduced Payne effect. Excellent
polymer processability is maintained. These functionalized polymers can be readily prepared by terminating living pol-
ymers.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0014] This invention relates to functionalized polymers defined by the Formula I

π-R1-α

where π is a polymer chain, R1 is a bond or a divalent organic group, and α is a sulfur-containing heterocycle as defined
above.
[0015] The polymer chain (π) substituent of the functionalized polymer is preferably a rubbery polymer. More preferably,
the polymer chain substituent is a polymer that has a glass transition temperature (Tg) that is less than 0°C, more
preferably less than -20°C, and even more preferably less than -30°C.
[0016] Preferred polymers include anionically polymerized polymers. More specifically, preferred polymers include
polybutadiene, polyisoprene, poly(styrene-co-butadiene), poly(styrene-co-butadiene-co-isoprene), poly(isoprene-
co-styrene), and poly(butadiene-co-isoprene). The polymer (π) may include a functional group at the head of the polymer,
which results from initiating polymerization with a functionalized initiator.
[0017] In general, the polymer should have a number average molecular weight (Mn) of from about 5 to about 1,000
kg/mole, preferably from about 50 to about 500 kg/mole, and more preferably 100 to about 300 kg/mole, as measured
by using Gel Permeation Chromatography (GPC) calibrated with polystyrene standards and adjusted for the Mark-
Houwink constants for the polymer in question.
[0018] R1 is a bond or a divalent organic group. The divalent organic group is preferably a hydrocarbylene group or
substituted hydrocarbylene group such as, but not limited to, alkylene, cycloalkylene, substituted alkylene, substituted
cycloalkylene, alkenylene, cycloalkenylene, substituted alkenylene, substituted cycloalkenylene, arylene, and substituted
arylene groups, with each group preferably containing from 1 carbon atom, or the appropriate minimum number of carbon
atoms to form the group, up to about 20 carbon atoms. In a preferred embodiment, R1 contains a functional group that
will react or interact with carbon black or silica.
[0019] "Substituted hydrocarbylene group" is a hydrocarbylene group in which one or more hydrogen atoms have
been replaced by a substituent such as an alkyl group. R1 may also contain one or more heteroatoms such as, but not
limited to, nitrogen, oxygen, silicon, sulfur, and phosphorus atoms.
[0020] The sulfur-containing heterocycle α is a closed-ring structure in which one or more of the atoms in the ring is
sulfur. Suitable sulfur-containing heterocycles may comprise more than one ring structure. In addition, suitable sulfur-
containing heterocycles may comprise other heteroatoms, such as nitrogen, oxygen, silicon, and phosphorus. Suitable
sulfur-containing heterocycles may comprise saturated rings, partially unsaturated rings, or a combination thereof.
[0021] The sulfur-containing heterocycle is selected from thiirane, thietane, thiolane, thiazoline, dihydrothiophene,
thiadiazine, thioxanthene, thianthrene, phenoxathiin, dihydroisothiazole, thienofuran, and substituted forms thereof.
[0022] Preferred sulfur-containing heterocycles comprise at least one ring having five or six members. Preferred five-
member ring heterocycles include thiazoline groups.
[0023] In one preferred embodiment, the functional polymer includes a thiazoline group, and the functionalized polymer
can be defined by the formula
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where π and R1 are as defined above, each R2 is independently hydrogen or a monovalent organic group, each R3 is
independently hydrogen or a monovalent organic group, or where each R3 combine with each other to form a divalent
organic group.
[0024] The monovalent organic groups are preferably hydrocarbyl groups or substituted hydrocarbyl groups such as,
but not limited to alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, cycloalkenyl, substituted cycloalkenyl, aryl, allyl, sub-
stituted aryl, aralkyl, alkaryl, and alkynyl groups, with each group preferably containing from 1 carbon atom, or the
appropriate minimum number of carbon atoms to form the group, up to 20 carbon atoms. These hydrocarbyl groups
may contain heteroatoms such as, but not limited to, nitrogen, oxygen, silicon, sulfur, and phosphorus atoms. The
preferred monovalent organic groups will not react with a living polymer.
[0025] An example of a functionalized polymer where R1 contains a functional group that will react or interact with
carbon black or silica is where R1 contains a dialkoxysilyl group, and the functionalized polymer can be defined by the
formula

where π and α are as defined above, each R5 is independently a monovalent organic group, and R6 is a bond or a
divalent organic group.
[0026] The functionalized polymers of this invention are preferably prepared by reacting or terminating a living polymer
with a functionalizing agent containing a sulfur-containing heterocycle. Preferred functionalizing agents can be defined
by the formula

Z-R4-α

where Z is a leaving group (L) or an addition group (A), R4 is a bond or a divalent organic group, and α is as described
above. The functionalizing agent may react with a living polymer via a substitution reaction or an addition reaction.
[0027] In one embodiment, the functionalizing agent is a substitution-type functionalizing agent that can be defined
by the formula

L-R4-α

where L is a leaving group, and R4 and α are as described above. This functionalizing agent reacts with the living portion
(i.e. -C-) of the polymer chain via a substitution reaction in which L is displaced and a bond is formed between R4 and
π. Where R4 is a bond between L and α, L is displaced and a bond is formed between α and π. Thus, in this case, R4

is equivalent to R1 in Formula I above.
[0028] Leaving groups include those substituents that can be displaced by an nucleophilic compound, such as a
polymer anion. Preferably the leaving group (L) will react or associate with the living polymer’s counter cation (e.g., Li+)
and form a stable or neutral compound. Exemplary leaving groups include halides, thio alkoxides, alkoxides and dialkyl
amines.
[0029] In one embodiment, where α comprises a thiazoline group, the functionalizing agent is defined by the formula
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where L, R2, R3, and R4 are as described above.
[0030] Useful functionalizing agents that comprise a thiazoline group include 2-methylthio-2-thiazoline, 2-ethylthio-2-
thiazoline, 2-propylthio-2-thiazoline, 2-burylthio-2-thiazoline, 2-pentylthio-2-thiazoline, 2-hexylthio-2-thiazoline, 2-hep-
tylthio-2-thiazoline, 2-dodecylthio-2-thiazoline, 2-phenylthio-2-thiazoline, 2-benzylthio-2-thiazoline, 2-chloro-2-thiazo-
line, 2-bromo-2-thiazoline, 2-iodo-2-thiazoline, 2-dimethylamino-2-thiazoline, 2-diethylamino-2-thiazoline, 2-methoxy-2-
thiazoline, 2-ethoxy-2-thiazoline, 2-(N-methyl-N-3-trimethoxysilylpropyl)-thiazoline, and 2-methylthio-1-aza-3-thia-bicy-
clo[3-4-0]-nonene.
[0031] Another preferred functionalizing agent comprises a trialkoxysilane group and a sulfur-containing heterocycle,
and can be defined by the formula

where α is as defined above, each R5 is independently a monovalent organic group, and R6 is a bond or a divalent
organic group. In this embodiment, leaving group L is an alkoxide group (OR5) and R4 comprises a dialkoxysilyl group.
[0032] Preferably, R6 comprises a functional group that will react or interact with carbon black and/or silica. One
preferred functional group is a Schiff base, generally represented as RR’C=NR".
[0033] In another embodiment, the functionalizing agent of the present invention comprises a trialkoxysilane group
and a thiazoline group, and can be represented by the formula

where R2, R3, R5, and R6 are as described above.
[0034] Useful functionalizing agents that comprise a trialkoxysilane group and a sulfur-containing heterocycle include
2-(N-methyl-N-3-trimethyoxysilylpropyl)thiazoline.
[0035] In another embodiment, the functionalizing agent is an addition-type functionalizing agent that can be defined
by the formula

A-R4-α

where α and R4 are as described above, and A is an addition group or, in other words, a reactive moiety that will undergo
an addition reaction with the living portion (i.e. -C-) of the polymer chain (π). This functionalizing agent reacts with a
polymer chain via an addition reaction to form a functionalized polymer in which the residue of addition group A links R4

to the polymer. Where R4 is a bond between A and α, the residue of addition group A links α to the polymer. Thus, R4

and the residue of A together comprise R1 of Formula I above. In other words, R1 includes the residue of an addition
reaction between an addition group and a living polymer.
[0036] Preferably, A is a moiety comprising a nitrile, such as a cyano group, an alkyl or alkenyl nitrile; a Schiff base,
generally represented as RR’C=NR"; or a ketone group, an aldehyde group, or an ester group. More preferably, A
comprises a nitrile moiety.
[0037] In the embodiment where the functionalizing agent is an addition functionalizing agent, α preferably comprises
a partially unsaturated sulfur-containing heterocycle. More preferably, α comprises a thiazoline moiety.
[0038] The method of this invention is useful for functionalizing an anionically polymerized living polymer. Anionically-
polymerized living polymers are formed by reacting anionic initiators with certain unsaturated monomers to propagate
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a polymeric structure. Throughout formation and propagation of the polymer, the polymeric structure is anionic and
"living." A new batch of monomer subsequently added to the reaction can add to the living ends of the existing chains
and increase the degree of polymerization. A living polymer, therefore, is a polymeric segment having a living or reactive
end. Anionic polymerization is further described in George Odian, Principles of Polymerization, ch. 5 (3rd Ed. 1991), or
Panek, 94 J. Am. Chem. Soc., 8768 (1972), which are incorporated herein by reference.
[0039] Monomers that can be employed in preparing an anionically polymerized living polymer include any monomer
capable of being polymerized according to anionic polymerization techniques. These monomers include those that lead
to the formation of elastomeric homopolymers or copolymers. Suitable monomers include, without limitation, conjugated
C4-C12 dienes, C8-C18 monovinyl aromatic monomers, and C6-C20 trienes. Examples of conjugated diene monomers
include, without limitation, 1,3-butadiene, isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene. A
non-limiting example of trienes includes myrcene. Aromatic vinyl monomers include, without limitation, styrene, α-methyl
styrene, p-methylstyrene, and vinylnaphthalene. When preparing elastomeric copolymers, such as those containing
conjugated diene monomers and aromatic vinyl monomers, the conjugated diene monomers and aromatic vinyl mono-
mers are normally used at a ratio of 95:5 to 50:50, and preferably 95:5 to 65:35.
[0040] Any anionic initiator can be employed to initiate the formation and propagation of the living polymers. Exemplary
anionic initiators include, but are not limited to, alkyl lithium initiators such as n-butyl lithium, arenyllithium initiators,
arenylsodium initiators, N-lithium dihydro-carbon amides, aminoalkyllithiums, and alkyl tin lithiums. Other useful initiators
include N-lithiohexamethyleneimide, N-lithiopyrrolidinide, and N-lithiododecamethyleneimide as well as organolithium
compounds such as the trialkyl lithium adducts of substituted aldimines and substituted ketimines, and N-lithio salts of
substituted secondary amines. Exemplary initiators are also described in the following U.S. Patents: 5,332,810,
5,329,005, 5,578,542, 5,393,721, 5,698,646, 5,491,230, 5,521,309, 5,496,940, 5,574,109, and 5,786,441, which are
incorporated herein by reference.
[0041] For purposes of this specification, the head of the polymer will refer to that point of the polymer main chain
where the initiator adds to the first monomer. The tail will therefore refer to that point of the polymer substituent main
chain where the last monomer is added to the chain, which is likewise the point where the polymer is attached to the
R1-α group of Formula I. With this understanding, the polymer (π) may likewise include a functional group at the head
of the polymer, which results from initiating polymerization with a functionalized initiator. These functional groups may
include any of the various functional groups that react or interact with rubber or rubber fillers or otherwise have a desirable
impact on filled rubber compositions or vulcanizates. Useful functionalized initiators include trialkyltin lithium compounds
and lithio-cyclic amine compounds. Exemplary tin lithio-containing initiators are disclosed in U.S. Patent No. 5,268,439,
which is incorporated herein by reference. Exemplary lithio-cyclic amino initiators are disclosed in U.S. Patent Nos.
6,080,835, 5,786,441, 6,025,450, and 6,046,288, which are incorporated herein by reference. Other functional groups
include those groups that interact with filler via through-space interaction (e.g., H-bonding, van der Waals interaction,
etc.) as well as those groups that interact with or attract to each other and thereby form a domain within the rubber matrix
of the polymer. Still others include selective functional groups whose affinity toward filler particles or rubber can be
activated after processing, e.g., during cure. Examples of selective functional groups include those described in U.S.
Pat. No. 6,579,949.
[0042] The amount of initiator employed in conducting anionic polymerizations can vary widely based upon the desired
polymer characteristics. In one embodiment, it is preferred to employ from about 0.1 to about 100, and more preferably
from about 0.33 to about 10 mmol of lithium per 100 g of monomer.
[0043] Anionic polymerizations are typically conducted in a polar solvent such as tetrahydrofuran (THF) or a nonpolar
hydrocarbon such as the various cyclic and acyclic hexanes, heptanes, octanes, pentanes, their alkylated derivatives,
and mixtures thereof, as well as benzene.
[0044] In order to promote randomization in copolymerization and to control vinyl content, a polar coordinator may be
added to the polymerization ingredients. Amounts range between 0 and 90 or more equivalents per equivalent of lithium.
The amount depends on the amount of vinyl desired, the level of styrene employed and the temperature of the polym-
erization, as well as the nature of the specific polar coordinator (modifier) employed. Suitable polymerization modifiers
include, for example, ethers or amines to provide the desired microstructure and randomization of the comonomer units.
[0045] Compounds useful as polar coordinators include those having an oxygen or nitrogen heteroatom and a non-
bonded pair of electrons. Examples include dialkyl ethers of mono and oligo alkylene glycols; "crown" ethers; tertiary
amines such as tetramethylethylene diamine (TMEDA); linear THF oligomers; and the like. Specific examples of com-
pounds useful as polar coordinators include tetrahydrofuran (THF), linear and cyclic oligomeric oxolanyl alkanes such
as 2,2-bis-(2’-tetrahydrofuryl) propane, di-piperidyl ethane, dipiperidyl methane, hexamethylphosphoramide, N-N’-
dimethylpiperazine, diazabicyclooctane, dimethyl ether, diethyl ether, tributylamine and the like. The linear and cyclic
oligomeric oxolanyl alkane modifiers are described in U.S. Pat. No. 4,429,091, incorporated herein by reference.
[0046] Anionically polymerized living polymers can be prepared by either batch or continuous methods. A batch
polymerization is begun by charging a blend of monomer(s) and normal alkane solvent to a suitable reaction vessel,
followed by the addition of the polar coordinator (if employed) and an initiator compound. The reactants are heated to
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a temperature of from about 20 to about 130°C and the polymerization is allowed to proceed for from about 0.1 to about
24 hours. This reaction produces a reactive polymer having a reactive or living end. Preferably, at least about 30% of
the polymer molecules contain a living end. More preferably, at least about 50% of the polymer molecules contain a
living end. Even more preferably, at least about 80% contain a living end.
[0047] A continuous polymerization is begun by charging monomer(s), initiator and solvent at the same time to a
suitable reaction vessel. Thereafter, a continuous procedure is followed that removes product after a suitable residence
time and replenishes the reactants.
[0048] The functionalizing agent is reacted with the living polymer end. This reaction can be achieved by simply mixing
the functionalizing agent with the living polymer. In a preferred embodiment, the functionalizing agent is added once a
peak polymerization temperature, which is indicative of nearly complete monomer conversion, is observed. Because
live ends may self-terminate, it is especially preferred to add the functionalizing agent within about 25 to 35 minutes of
the peak polymerization temperature.
[0049] The amount of functionalizing agent employed to prepare the functionalized polymers is best described with
respect to the equivalents of lithium or metal cation within the initiator. Accordingly, where a lithium initiator is employed,
the ratio of equivalents of functionalizing agent to equivalents of lithium is preferably about 0.75:1, more preferably about
0.85:1, even more preferably about 0.95:1, and most preferably at least about 1:1.
[0050] In certain embodiments of this invention, the functionalizing agent can be employed in combination with other
coupling or terminating agents. The combination of functionalizing agent with other terminating agent or coupling agent
can be in any molar ratio. The coupling agents that can be employed in combination with the functionalizing agent include
any of those coupling agents known in the art including, but not limited to, tin tetrachloride, tetraethyl ortho silicate, and
tetraethoxy tin, and silicon tetrachloride. Likewise, any terminating agent can be employed in combination with the
functionalizing agent including, but not limited to, tributyltin chloride.
[0051] After formation of the functional polymer, a processing aid and other optional additives such as oil can be added
to the polymer cement. The functional polymer and other optional ingredients are then isolated from the solvent and
preferably dried. Conventional procedures for desolventization and drying may be employed. In one embodiment, the
functional polymer may be isolated from the solvent by steam desolventization or hot water coagulation of the solvent
followed by filtration. Residual solvent may be removed by using conventional drying techniques such as oven drying
or drum drying. Alternatively, the cement may be directly drum dried.
[0052] The functionalized polymers of this invention are particularly useful in preparing tire components. These tire
components can be prepared by using the functionalized polymers of this invention alone or together with other rubbery
polymers. Other rubbery elastomers that may be used include natural and synthetic elastomers. The synthetic elastomers
typically derive from the polymerization of conjugated diene monomers. These conjugated diene monomers may be
copolymerized with other monomers such as vinyl aromatic monomers. Other rubbery elastomers may derive from the
polymerization of ethylene together with one or more α-olefins and optionally one or more diene monomers.
[0053] Useful rubbery elastomers include natural rubber, synthetic polyisoprene, polybutadiene, polyisobutylene-
co-isoprene, neoprene, poly(ethylene-co-propylene), poly(styrene-co-butadiene), poly(styrene-co-isoprene), and poly
(styrene-co-isoprene-co-butadiene), poly(isoprene-co-butadiene), poly(ethylene-co-propylene-co-diene), polysulfide
rubber, acrylic rubber, urethane rubber, silicone rubber, epichlorohydrin rubber, and mixtures thereof. These elastomers
can have a myriad of macromolecular structures including linear, branched and star shaped. Other ingredients that are
typically employed in rubber compounding may also be added.
[0054] The rubber compositions may include fillers such as inorganic and organic fillers. The organic fillers include
carbon black and starch. The inorganic fillers may include silica, aluminum hydroxide, magnesium hydroxide, clays
(hydrated aluminum silicates), and mixtures thereof.
[0055] A multitude of rubber curing agents may be employed, including sulfur or peroxide-based curing systems.
Curing agents are described in 20 Kirk-Othmer, Encyclopedia of Chemical Technology, 365-468, (3rd Ed. 1982), par-
ticularly Vulcanization Agents and Auxiliary Materials, 390-402, and A.Y. Coran, Vulcanization in Encyclopedia of Polymer
Science and Engineering, (2nd Ed. 1989). Vulcanizing agents may be used alone or in combination.
[0056] Other ingredients that may be employed include accelerators, oils, waxes, scorch inhibiting agents, processing
aids, zinc oxide, tackifying resins, reinforcing resins, fatty acids such as stearic acid, peptizers, and one or more additional
rubbers.
[0057] These stocks are useful for forming tire components such as treads, subtreads, black sidewalls, body ply skins,
bead filler, and the like. Preferably, the functional polymers are employed in tread formulations, and these tread formu-
lations will include from about 10 to about 100% by weight of the functional polymer based on the total rubber within the
formulation. More preferably, the tread formulation will include from about 35 to about 90% by weight, and more preferably
from about 50 to 80% by weight of the functional polymer based on the total weight of the rubber within the formulation.
The preparation of vulcanizable compositions and the construction and curing of the tire is not affected by the practice
of this invention.
[0058] Preferably, the vulcanizable rubber composition is prepared by forming an initial masterbatch that includes the
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rubber component and filler. This initial masterbatch is mixed at a starting temperature of from about 25°C to about
125°C with a discharge temperature of about 135°C to about 180°C. To prevent premature vulcanization (also known
as scorch), this initial masterbatch generally excludes any vulcanizing agents. Once the initial masterbatch is processed,
the vulcanizing agents are introduced and blended into the initial masterbatch at low temperatures in a final mix stage,
which does not initiate the vulcanization process. Optionally, additional mixing stages, sometimes called remills, can be
employed between the masterbatch mix stage and the final mix stage. Rubber compounding techniques and the additives
employed therein are generally known as disclosed in Stephens, The Compounding and Vulcanization of Rubber, in
Rubber Technology (2nd Ed. 1973). The mixing conditions and procedures applicable to silica-filled tire formulations are
also well known as described in U.S. Patent Nos. 5,227,425, 5,719,207, 5,717,022, and European Patent No. 890,606.
[0059] Where the vulcanizable rubber compositions are employed in the manufacture of tires, these compositions can
be processed into tire components according to ordinary tire manufacturing techniques including standard rubber shaping,
molding and curing techniques. Typically, vulcanization is effected by heating the vulcanizable composition in a mold;
e.g., it is heated to about 140 to about 180°C. Cured or crosslinked rubber compositions may be referred to as vulcanizates,
which generally contain three-dimensional polymeric networks that are thermoset. The other ingredients, such as process-
ing aides and fillers, are generally evenly dispersed throughout the vulcanized network. Pneumatic tires can be made
as discussed in U.S. Patent Nos. 5,866,171, 5,876,527, 5,931,211, and 5,971,046.
[0060] In order to demonstrate the practice of the present invention, the following examples have been prepared and
tested. The examples should not, however, be viewed as limiting the scope of the invention. The claims will serve to
define the invention.

EXAMPLES

Example 1: Control Polymer

[0061] To a 18.9 L reactor equipped with turbine agitator blades was added 4.91 kg hexane, 1.25 kg (32.8 wt%) styrene
in hexane, and 7.37 kg (22.2 wt%) butadiene in hexane. To the reactor was charged 11.60 mL of 1.6 M butyllithium in
hexane and 3.83 mL of 1.6 M 2,2’-di(tetrahydrofuryl)propane in hexane and the batch temperature was controlled at
49°C. After approximately 1 hour, the batch was cooled to 32°C and a measured amount of live poly(styrene-co-butadiene)
cement was then transferred to a sealed nitrogen purged 800 mL bottle. The bottle contents were then terminated with
isopropanol, coagulated and drum dried.

Example 2: 2-Methyl-2-thiazoline Functionalized Polymer

[0062] A second bottle of cement was transferred from the 18.9 L reactor used in Example 1 and to this was added
1 equivalent of 2-methylthio-2-thiazoline per butyllithium. The bottle contents were then coagulated and drum dried. The
polymers of Examples 1 and 2 were characterized as set forth in Table I.

Examples 3 and 4: Carbon Black Rubber Formulations

[0063] The rubber of Examples 1 and 2 were employed in tire formulations. The formulations are presented in Table
II. More specifically, the rubber of Example 1 was incorporated in the formulation of Example 3. The rubber of Example
2 was incorporated in the formulation of Example 4.

Table I

Example No. 1 2

Mn (kg/mol) 120 130

Mw (kg/mol) 127 154

Tg (°C) -31.6 -31.6

Styrene (%) 21.0 21.0

Block Styrene (%) 1.9 1.9

1,2-butadiene (% of butadiene) 56.8 56.8
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[0064] Each rubber compound was prepared in two portions named Initial and Final. In the initial part, the polymer
from Example 1 or 2 was mixed with carbon black, an antioxidant, stearic acid, wax, aromatic oil, and zinc oxide, in a
65 g Banbury mixer operating at 60 rpm and 133°C. Specifically, the polymer was first placed in the mixer, and after 0.5
minutes, the remaining ingredients except the stearic acid were added. The stearic acid was then added after 3 minutes.
The initials were mixed for 5-6 minutes. At the end of the mixing the temperature was approximately 165°C. The sample
was transferred to a mill operating at a temperature of 60°C, where it was sheeted and subsequently cooled to room
temperature.
[0065] The finals were mixed by adding the initials and the curative materials to the mixer simultaneously. The initial
mixer temperature was 65°C and it was operating at 60 rpm. The final material was removed from the mixer after 2.25
minutes when the material temperature was between 100 and 105°C.

[0066] Test specimens of each rubber formulation were prepared by cutting out the required mass from an uncured

Table II

Example No. 3 4

Initial Formulation

Example 1 (weight parts) 100 0

Example 2 (weights parts) 0 100

Carbon Black 55 55

Wax 1 1

Antioxidant 0.95 0.95

Zinc Oxide 2.5 2.5

Stearic Acid 2 2

Aromatic Oil 10 10

Total 171.45 171.45

Final Formulation

Initial 171.45 171.45

Sulfur 1.3 1.3

Accelerators 1.9 1.9

Total 174.65 174.65

Table III

Example No. 3 4

ML1+4@130°C 29.1 44.4

t5 (min) 22.1 18.3

200% Modulus @ 23°C (MPa) 7.28 8.18

Tensile @ Break @23°C (MPa) 15.81 16.09

Elongation @ Break @23°C (%) 380 327

tan δ @ 5% E (50°C, 1 Hz) 0.258 0.135

∆G’ (50°C) (MPa)* 4.06 0.97

tan δ @ 0.5% E (0°C, 5 Hz) 0.242 0.392

Shore A Peak (23°C) 72.2 68.7

* ∆G’ = G’ (@0.25%E)-G’ (@14.5%E)
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sheet (about 2.5 mm to 3.81 mm thick), and cured within closed cavity molds under pressure for 15 minutes at 171°C.
The test specimens were then subjected to various physical tests, and the results of these tests are reported in Table
III. Modulus at 200%, elongation at break, and tensile strength were measured according to ASTM D 412 (1998) Method
B, where samples were died from a cured sheet about 1.8 mm thick. Dynamic properties of rubber cylinders measuring
about 9.5 mm in diameter and 16 mm high were analyzed by using a RDA (Rheometrics Dynamic Analyzer). Mooney
viscosity measurements were conducted according to ASTM-D 1649-89.

Example 5: Synthesis of 2-Benzylthio-2-thiazoline

[0067] To a dry, nitrogen (N2)-purged 500 milliliter (mL) round bottom flask was added 1.15 grams (g) (4.8 mmol)
sodium hydride. To this was added 150 mL dry tetrahydrofuran and 5.70 g (4.8 mmol) 2-mercaptothiazoline in 24 mL
tetrahydrofuran. After approximately 15 minutes of stirring at room temperature, 5.5 mL (4.8 mmol) benzyl chloride was
added and stirred for an additional 5 minutes. Tetrahydrofuran was removed by rotary evaporation and product was
dissolved in hexane. After filtration, the product was recrystallized from hexane to yield 2.6 g of white crystals (26%
yield). 1H NMR (CDCl3): 3.434 ppm, t, 2H; 4.259 ppm, t, 2H; 4.413 ppm, s, 2H; 7.317 ppm, m, 5H.

Example 6: Synthesis of 2-Dodecylthio-2-thiazoline

[0068] To a dry, N2-purged 500 mL three-necked round bottom flask was added 1.30 g (4.7 mmol) of sodium hydride.
To this was added 150 mL dried tetrahydrofuran and 5.70 g (4.8 mmol) of 2-mercaptothiazoline. After approximately 15
minutes of stirring at room temperature, 11.48 mL (4.8 mmol) of 1-bromododecane was added and stirred for 1 hour.
The solution was rotary evaporated and the product dissolved in diethylether. The solution was extracted with three 50
mL aliquots of H2O and dried over anhydrous MgSO4. Product (3.16 g, 23% yield) was eluted from a neutral alumina
column using pentane. 1H NMR (CDCl3): 0.88 ppm, t, 3H; 1.28 ppm, m, 16H; 1.38 ppm, p, 2H; 1.67 ppm, p, 2H; 3.09
ppm, t, 2H; 3.38 ppm, t, 2H; 4.21 ppm, t, 2H.

Example 7: Synthesis of 2-Dimethylamino-2-thiazoline

[0069] To a dry, N2-purged 500 mL three-necked flask equipped with reflux condenser and magnetic stirrer was added
100 mL dry THF under N2. To this was added 41.1 mL of 2M (8.2 mmol) dimethylamine in THF. Then, 10 g (8.2 mmol)
of 2-chloroethylisothiocyanate was added and a precipitate formed. To this was added 6.06 g (0.082 mmol) lithium
carbonate and solution was refluxed for approximately 4 hours. After 48 hours, an additional 25 mL of 2.0 M (5.0 mmol)
dimethylamine in THF was added and refluxed for 4 hours. Solvent was removed and product dissolved in 150 mL
diethylether. This was extracted with three 50 mL aliquots of H2O, dried with anhydrous MgSO4, and rotary evaporated
to yield 2.34 g (22% yield) of 2-dimethylamino-2-thiazoline. 1H NMR (CDCl3): 2.98 ppm, s, 6H; 3.32 ppm, t, 2H; 4.01
ppm, t, 2H.

Example 8: Control Polymer

[0070] Example 8 was prepared as in Example 1.

Example 9: 2-Benzylthio-2-thiazoline Functionalized Polymer

[0071] Example 9 was prepared as in Example 2, except that 1 equivalent of 2-benzylthio-2-thiazoline was added to
the polymer cement instead of 2-methylthio-2-thiazoline.

Example 10: Control Polymer

[0072] Example 10 was prepared as in Example 1.

Example 11: 2-Dodecylthio-2-thiazoline Functionalized Polymer

[0073] Example 11 was prepared as in Example 2, except that 1 equivalent of 2-dodecylthio-2-thiazoline was added
to the polymer cement instead of 2-methylthio-2-thiazoline.

Example 12: Control Polymer

[0074] Example 12 was prepared as in Example 1.
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Example 13: 2-Dimethylamino-2-thiazoline Functionalized Polymer

[0075] Example 13 was prepared as in Example 2, except that 1 equivalent of 2-dimethylamino-2-thiazoline was added
to the polymer cement instead of 2-methylthio-2-thiazoline.
[0076] The polymers of Examples 8-13 were characterized as set forth in Table IV.

Examples 14-19: Carbon Black Rubber Formulations

[0077] The rubber of Examples 8-13 was employed in tire formulations. The formulations, denoted Examples 14-19,
are presented in Table V.

[0078] Each carbon black rubber compound was prepared in two stages, as described above for Examples 3 and 4.
Test specimens were prepared and subjected to various physical tests as for Examples 3 and 4. The results of these
tests are reported in Table VI. Modulus at 300%, elongation at break, and tensile strength were measured according to
ASTM D 412 (1998) Method B, where samples were died from a cured sheet about 1.8 mm thick. MH-ML and MDA t50
were measured according to ASTM-D 2084 on a Moving Die Rheometer (MDR).
[0079] Bound rubber, a measure of the percentage of rubber bound, through some interaction, to the filler, was
determined by solvent extraction with toluene at room temperature. More specifically, a test specimen of each uncured

Table IV

Example No. 8 9 10 11 12 13

Mn (kg/mol) 115 121 93 126 141 151

Mw (kg/mol) 123 155 100 163 151 180

Tg (°C) -30 -31.2 -35.4 -35.2 -31.7 -31.6

Styrene (%) 21.2 21.3 21.4 21.1 20.4 20.4

Block Styrene (%) 2.4 2.5 2.4 2.3 2.5 2.5

1,2-butadiene (% of butadiene) 57.6 58.1 54.0 52.4 58.1 58.1

Table V

Example No. 14 15 16 17 18 19

Initial Formulation

Rubber Example No. 8 9 10 11 12 13

Rubber (weight parts) 100 100 100 100 100 100

Carbon Black 55 55 55 55 55 55

Wax 1 1 1 1 1 1

Antioxidant 0.95 0.95 0.95 0.95 0.95 0.95

Zinc Oxide 2.5 2.5 2.5 2.5 2.5 2.5

Stearic Acid 2 2 2 2 2 2

Aromatic Oil 10 10 10 10 10 10

Total 171.45 171.45 171.45 171.45 171.45 171.45

Final Formulation

Initial 171.45 171.45 171.45 171.45 171.45 171.45

Sulfur 1.3 1.3 1.3 1.3 1.3 1.3

Accelerators 1.9 1.9 1.9 1.9 1.9 1.9

Total 174.65 174.65 174.65 174.65 174.65 174.65
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rubber formulation was placed in toluene for three days. The solvent was removed and the residue was dried and
weighed. The percentage of bound rubber was then determined according to the formula 

where Wd is the weight of the dried residue, F is the weight of the filler and any other solvent insoluble matter in the
original sample, and R is the weight of the rubber in the original sample.

Example 20: Control Polymer

[0080] To a 18.9 L reactor equipped with turbine agitator blades was added 4.93 kg hexane, 1.20 kg (34 wt%) styrene
in hexane, and 7.40 kg (22.1 wt%) butadiene in hexane. To the reactor was charged 11.25 mL of 1.6 M butyllithium in
hexane and 3.83 mL of 1.6 M 2,2’-di(tetrahydrofuryl)propane in hexane and the batch temperature was controlled at
49°C. After approximately 1 hour, the batch was cooled to 32°C and a measured amount of live poly(styrene-co-butadiene)
cement was then transferred to a sealed nitrogen purged 800 mL bottle. The bottle contents were then terminated with
isopropanol, coagulated and drum dried.

Example 21: 2-Benzothiazoleacetonitrile Functionalized Polymer (for comparison and/or reference only)

[0081] A second bottle of cement was transferred from the 18.9 L reactor used in Example 20 and to this was added
1 equivalent of 2-benzothiazoleacetonitrile per butyllithium. The bottle contents were then coagulated and drum dried.
The polymers of Examples 20 and 21 were characterized as set forth in Table VII.

Table VI

Example No. 14 15 16 17 18 19

ML1+4@130°C 27.4 42 26.6 41.1 36.2 46.4

MH-ML @ 171 °C (Kg/cm) 18.82 18.04 18.83 17.18 19.72 18.48

MDR t50 @ 171 °C (min) 3.1 2.8 2.9 3.0 3.1 2.9

300% Modulus @ 23°C (MPa) 11.21 14.39 11.07 12.73 12.2 13.15

Tensile @ Break @23°C (MPa) 17.77 16.B8 16.84 19.59 16.02 15.5

tan δ @ 2%E (0°C, 5 Hz) 0.219 .0277 .0199 .0253 .0254 .0271

tan δ @ 2% E (50°C, 5 Hz) 0.243 0.178 0.242 0.214 0.253 0.232

tan δ @ 5% E (50°C, 1 Hz) 0.245 0.144 0.249 0.147 0.225 0.163

∆G’ (50°C) (MPa)* 4.571 1.17 5.156 1.212 4.196 1.798

Bound Rubber (%) 14.5 35.6 13.4 34.1 16.1 29.2

* ∆G’ = G’ (@0.25%E)-G’ (@14.5%E)

Table VII

Example No. 20 21

Mn (kg/mol) 119 117

Mw (kg/mol) 127 123

Tg (°C) - 33.1 - 33.1

Styrene (%) 20.5 20.5

Block Styrene (%) 2.0 2.0

1,2-butadiene (%.of butadiene) 56.1 56.1
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[0082] The rubber of Examples 20 and 21 were employed in carbon black and carbon black/silica tire formulations.
The formulations are presented in Table VIII. More specifically, the rubber of Example 20 was incorporated in the
formulations of Examples 22 and 24. The rubber of Example 6 was incorporated in the formulations of Examples 23 and 25.

Examples 22 and 23: Carbon Black Rubber Formulations

[0083] Each carbon black rubber compound was prepared in two stages, as for Examples 3 and 4 above. Test
specimens of each rubber formulation were prepared and subjected to various physical tests, as for Examples 3 and 4
above. The results of these tests are reported in Table IX. Modulus at 300% and tensile strength were measured according
to ASTM D 412 (1998) Method B. Dynamic properties were determined by using a Rheometrics Dynamic Analyzer (RDA).

Examples 24 and 25: Carbon Black/Silica Rubber Formulations

[0084] Each carbon black/silica rubber compound was prepared in three stages named Initial, Remill and Final. In the
initial part, the polymer from Examples 20 or 21 was mixed with carbon black, silica, an antioxidant, stearic acid, and
aromatic oil in a 65 g Banbury mixer operating at 60 RPM and 133°C. Specifically, the polymer was first placed in the
mixer, and after 0.5 minutes, the remaining ingredients except the stearic acid were added. The stearic acid was then
added after 3 minutes. The initials were mixed for 5-6 minutes. At the end of the mixing the temperature was approximately
165°C. The sample was cooled to less that about 95°C and transferred to a remill mixer.
[0085] In the remill stage, the initial formulation and a silane shielding agent were simultaneously added to a mixer
operating at about 60 RPM. The shielding agent employed in these examples was EF(DiSS)-60, available from Rhein
Chemie Corp. The starting temperature of the mixer was about 94°C. The remill material was removed from the mixer

Table VIII

Example No. 22 23 24 25

Example 20 (weight parts) 100 0 100 0

Example 21 (weight parts) 0 100 0 100

Carbon Black 55 55 35 35

Silica 0 0 30 30

Wax 1 1 0 0

Antiozonant 0.95 0.95 0.95 0.95

Zinc Oxide 2.5 2.5 0 0

Stearic Acid 2 2 1.5 1.5

Aromatic Oil 10 10 10 10

Total 171.45 171.45 177.45 177.45

Remill

Initial N/A N/A 177.45 177.45

Silane Shielding Agent N/A N/A 4.57 4.57

Total 171.45 171.45 182.02 182.02

Final Formulation

Initial 171.45 171.45 182.02 182.02

Sulfur 1.3 1.3 1.7 1.7

Zinc Oxide 0 0 2.5 2.5

Accelerators 1.9 1.9 2.25 2.25

Total 174.65 174.65 188.47 188.47
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after about 3 minutes, when the material temperature was between 135 and 150°C.
[0086] The finals were mixed by adding the remills, zinc oxide and the curative materials to the mixer simultaneously.
The initial mixer temperature was 65°C and it was operating at 60 RPM. The final material was removed from the mixer
after 2.25 minutes when the material temperature was between 100 and 105°C. The test specimens were prepared and
subjected to various physical tests as for Examples 3-4 above. The results of these tests are reported in Table IX.

Example 26: Control Polymer

[0087] To a 18.9 L reactor equipped with turbine agitator blades was added 4.83 kg hexane, 1.20 kg (34 wt%) styrene
in hexane, and 7.50 kg (22.1 wt%) butadiene in hexane. To the reactor was charged 11.25 mL of 1.6 M butyllithium in
hexane and 3.83 mL of 1.6 M 2,2’-di(tetrahydrofuryl)propane in hexane and the batch temperature was controlled at
49°C. After approximately 1 hour, the batch was cooled to 32°C and a measured amount of live poly(styrene-co-butadiene)
cement was then transferred to a sealed nitrogen purged 800 mL bottle. The bottle contents were then terminated with
isopropanol, coagulated and drum dried.

Example 27: 2-Thiophenecarbonitrile Functionalized Polymer (for comparison and/or reference only)

[0088] A second bottle of cement was transferred from the 18.9 L reactor used in Example 26 and to this was added
1 equivalent of 2-thiophenecarbonidrile per butyllithium. The bottle contents were then coagulated and drum dried. The
polymers of Examples 26 and 27 were characterized as set forth in Table X.

[0089] The rubber of Examples 26 and 27 were employed in carbon black and carbon black/silica tire formulations.
The formulations are presented in Table XI. More specifically, the rubber of Example 26 was incorporated in the formu-
lations of Examples 28 and 30. The rubber of Example 27 was incorporated in the formulations of Examples 29 and 31.

Table IX

Example No. 22 23 24 25

ML1+4@130°C 24.0 32.9 57.4 72.8

t5 (min) 22.9 21.8 38.1 30.3

200% Modulus @ 23°C (MPa) 6.56 6.66 6.45 6.88

Tensile @ Break @23°C (MPa) 16.76 16.67 13.24 14.77

Elongation Break 23°C (%) 419 393 417 396

tan δ @ 0.5% E (0°C, 5 Hz) 0.233 0.255 0.235 0.235

∆G’ (50°C) (MPa)** 4.803 1.202 7.226 2.755

tan δ @ 5% E (50°C, 1 Hz) 0.260 0.155 0.242 0.180

Shore A Peak (23°C) 73.1 69.4 78.3 75.9

** ∆G’ = G’ (@0.25%E)-G’ (@14.5%E)

Table X

Example No. 26 27

Mn (kg/mol) 124 124

Mw (kg/mol) 134 135

Tg (°C) - 34.6 - 34.6

Styrene (%) 19.9 19.9

Block Styrene (%) 1.8 1.8

1,2-butadiene (% of butadiene) 56.2 56.2
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Examples 28 and 29: Carbon Black Rubber Formulations

[0090] Each carbon black rubber compound was prepared in two stages, as for Examples 3 and 4 above. Test
specimens of each rubber formulation were prepared and subjected to various physical tests, as for Examples 3 and 4
above. The results of these tests are reported in Table XII. Modulus at 300% and tensile strength were measured
according to ASTM D 412 (1998) Method B. Dynamic properties were determined by using a Rheometrics Dynamic
Analyzer (RDA).

Examples 30 and 31: Carbon Black/Silica Rubber Formulations

[0091] Each carbon black/silica rubber compound was prepared in three stages, as in Examples 24 and 25 above.
The test specimens were prepared and subjected to various physical tests as for Examples 3-4 above. The results of
these tests are reported in Table XII.

Table XI

Example No. 28 29 30 31

Example 26 (weight parts) 100 0 100 0

Example 27 (weight parts) 0 100 0 100

Carbon Black 55 55 35 35

Silica 0 0 30 30

Wax 1 1 0 0

Antiozonant 0.95 0.95 0.95 0.95

Zinc Oxide 2.5 2.5 0 0

Stearic Acid 2 2 1.5 1.5

Aromatic Oil 10 10 10 10

Total 171.45 171.45 177.45 177.45

Remill

Initial N/A N/A 177.45 177.45

Silane Shielding Agent N/A N/A 4.57 4.57

Total 171.45 171.45 182.02 182.02

Final Formulation

Initial 171.45 171.45 182.02 182.02

Sulfur 1.3 1.3 1.7 1.7

Zinc Oxide 0 0 2.5 2.5

Accelerators 1.9 1.9 2.25 2.25

Total 174.65 174.65 188.47 188.47

Table XII

Example No. 28 29 30 31

ML1+4@130°C 28.0 35.5 62.6 69.5

t5 (min) 20.63 20.72 36.3 37.4

300% Modulus @ 23°C (MPa) 12.08 13.69 8.9 9.9

Tensile @ Break @23°C (MPa) 17.88 18.27 13.4 14.5
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Example 32: Synthesis of 2-(N-methyl-N-3-trimethoxysilylpropyl)-thiazoline

[0092] To a 500 mL round bottom flask was added 200 mL dry diethylether and 15.4 g (126 mmol) chloroethylisothi-
ocyanate. To this was added 25 mL (126 mmol) of N-methylaminopropyltrimethoxysilane. Once bubbling had subsided
13.4 g of sodium carbonate was added and solution was refluxed overnight. Product was filtered and solvent was
removed by rotary evaporation. 1H-NMR(CDCl3): 3.95 ppm, t, 2H; 3.51 ppm, s, 9H; 3.20 ppm, t, 2H; 2.93 ppm, s, 3H;
1.62 ppm, m, 2H; 0.55 ppm, t, 2H. GC/MS showed 94.2% pure product.

Example 33: Control Polymer

[0093] Example 33 was prepared as in Example 20.

Example 34: 2-(N-methyl-N-3-trimethoxysilylpropyl)thiazoline Functionalized Polymer

[0094] A second bottle of cement was transferred from the 18.9 L reactor used in Example 33 and to this was added
1 equivalent of 2-(N-methyl-N-3-trimethoxysilylpropyl)thiazoline per butyllithium. The bottle contents were then coagu-
lated and drum dried. The polymers of Examples 33 and 34 were characterized as set forth in Table XIII.

Examples 35-38: Rubber Formulations

[0095] The rubber of Examples 33 and 34 were employed in carbon black and carbon black/silica tire formulations.
The formulations are presented in Table XIV. More specifically, the rubber of Example 33 was incorporated in the
formulations of Examples 35 and 37. The rubber of Example 34 was incorporated in the formulations of Examples 36
and 38.

(continued)

Example No. 28 29 30 31

Elongation Break 23°C (%) 416 374 448 429

tan δ @ 0.5% E (0°C, 5 Hz) 0.232 0.266 0.211 0.214

∆G’ (50°C) (MPa)** 4.200 1.169 7.43 4.70

tan δ @ 5% E (50°C, 1 Hz) 0.242 0.143 0.230 0.203

Shore A Peak (23°C) 73.4 69.6 78.3 78.2

** ∆G’ = G’ (@0.25%E)-G’ (@14.5%E)

Table XIII

Example No. 33 34

Mn (kg/mol) 114 172

Mw (kg/mol) 119 205

Tg (°C) - 35.0 - 35.0

Styrene (%) 20.2 20.2

Block Styrene (%) 2.0 2.0

1,2-butadiene (% of butadiene) 54.4 54.4

Table XIV

Example No. 35 36 37 38

Example 33 (weight parts) 100 0 100 0

Example 34 (weight parts) 0 100 0 100

Carbon Black 55 55 35 35
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[0096] Each carbon black rubber compound was prepared in two stages, as for Examples 3 and 4 above. Test
specimens of each rubber formulation were prepared and subjected to various physical tests, as for Examples 3 and 4
above. The results of these tests are reported in Table IX. Modulus at 300% and tensile strength were measured according
to ASTM D 412 (1998) Method B. Dynamic properties were determined by using a Rheometrics Dynamic Analyzer (RDA).
[0097] Each carbon black/silica rubber compound was prepared in three stages, as for Examples 24 and 25 above.
The test specimens were prepared and subjected to various physical tests as for Examples 3-4 above. The results of
these tests are reported in Table XV.

(continued)

Example No. 35 36 37 38

Silica 0 0 30 30

Wax 1 1 0 0

Antiozonant 0.95 0.95 0.95 0.95

Zinc Oxide 2.5 2.5 0 0

Stearic Acid 2 2 1.5 1.5

Aromatic Oil 10 10 10 10

Total 171.45 171.45 177.45 177.45

Remill

Initial N/A N/A 177.45 177.45

Silane Shielding Agent N/A N/A 4.57 4.57

Total 171.45 171.45 182.02 182.02

Final Formulation

Initial 171.45 171.45 182.02 182.02

Sulfur 1.3 1.3 1.7 1.7

Zinc Oxide 0 0 2.5 2.5

Accelerators 1.9 1.9 2.25 2.25

Total 174.65 174.65 188.47 188.47

Table XV

Example No. 35 36 37 38

ML1+4@130°C 27.9 37.8 55.2 106.1

t5 (min) 21.5 21.6 41.1 19.7

200% Modulus @ 23°C (MPa) 6.08 7.22 6.33 7.87

Tensile @ Break @23°C (MPa) 16.23 17.78 11.67 13.33

Elongation Break 23°C (%) 442.9 390.7 379 301

tan δ @ 0.5% E (0°C, 5 Hz) 0.228 0.278 0.2069 0.2755

∆G’ (50°C) (MPa)** 4.674 1.367 6.584 1.732

tan δ @ 5% E (50°C, 1 Hz) 0.268 0.169 0.2525 0.1623

Shore A Peak (23°C) 69.3 71.3 80.5 73.3

** ∆G’ = G’ (@0.25%E)-G’ (@14.5%E)
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Claims

1. A functional polymer that is defined by the formula

π-R1-α

where π is a polymer chain, R1 is a bond or a divalent organic group, and α is a sulfur-containing heterocycle selected
from a thiirane, thietane, thiolane, thiazoline, dihydrothiophene, thiadiazine, thioxanthene, thianthrene, phenoxathiin,
dihydroisothiazole, or thienofuran group or substituted form thereof.

2. A method for preparing a functional polymer, the method comprising: terminating a living polymer chain with a
functionalizing agent where the functionalizing agent is defined by the formula

Z-R4-α

where Z is a leaving group or an addition group, R4 is a bond or a divalent organic group, and α is a sulfur-containing
heterocycle selected from a thiirane, thietane, thiolane, thiazoline, dihydrothiophene, thiadiazine, thioxanthene,
thianthrene, phenoxathiin, dihydroisothiazole, or thienofuran group or substituted form thereof.

3. A method for preparing a cured tire component, the method comprising:

providing a rubber formulation comprising at least one vulcanizable rubber and a filler, where the at least one
vulcanizable rubber is a functional polymer that is defined by the formula

π-R1-α

where π is a polymer chain, R1 is a bond or a divalent organic group, and α is a sulfur-containing heterocycle
selected from a thiirane, thietane, thiolane, thiazoline, dihydrothiophene, thiadiazine, thioxanthene, thianthrene,
phenoxathiin, dihydroisothiazole, or thienofuran group or a substituted form thereof.

4. The use of a functional polymer as defined in claim 1 for preparing a tire component.

5. A vulcanizate prepared by vulcanizing a rubber formulation comprising at least one vulcanizable rubber and a filler,
where the at least one vulcanizable rubber is a functional polymer as defined in claim 1.

6. A tire component composition comprising a functional polymer as defined in claim 1.

7. The tire component composition of claim 6, wherein the tire component composition is a tread composition and
includes from 10 to 100% by weight of the functional polymer based on the total rubber within the composition.

8. The polymer of claim 1, or the method of claim 3, where the functional polymer can be defined by the formula

where π is a polymer chain, R1 is a bond or a divalent organic group, each R2 is independently hydrogen or a
monovalent organic group, each R3 is independently hydrogen or a monovalent organic group, or where each R3

combine with each other to foam a divalent organic group; or where the functional polymer can be defined by the
formula
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where π is a polymer chain, each R5 is independently a monovalent organic group, R6 is a bond or a divalent organic
group, and α is a sulfur-containing heterocycle.

9. The polymer of claim 1, or the method of claim 3, where R1 includes the residue of an addition reaction between
an addition group and a living polymer, and wherein the addition group comprises a nitrile group, a Schiff base, a
ketone group, an aldehyde group, or an ester group.

10. The polymer of claim 1, or the method of claim 2 or 3, where the polymer chain is a rubbery polymer having a Tg
that is less than 0°C.

11. The polymer of claim 1, or the method of claim 2 or 3, where the polymer chain is polybutadiene, polyisoprene, poly
(styrene-co-butadiene), poly(styrene-co-butadiene-co-isoprene), poly(isoprene-co-styrene), or poly(butadiene-
co-isoprene).

12. The method of claim 2, where Z comprises a halide, a thio alkoxide group, an alkoxide group, a dialkyl amine group,
a nitrile group, a Schiff base, a ketone group, an aldehyde group, or an ester group.

13. The method of claim 3, where the filler is carbon black, silica or both.

Patentansprüche

1. Funktionelles Polymer, das durch die Formel

π-R1-α

definiert ist, worin π eine Polymerkette ist, R1 eine Bindung oder eine zweiwertige organische Gruppe ist, und α ein
schwefelhaltiger Heterozyklus ist, ausgewählt aus einer Thiiran-, Thietan-, Thiolan-, Thiazolin-, Dihydrothiophen-,
Thiadiazin-, Thioxanthen-, Thianthren-, Phenoxathiin-, Dihydroisothiazol- oder Thienofurangruppe oder substituier-
ten Formen davon.

2. Verfahren zur Herstellung eines funktionellen Polymers, wobei das Verfahren umfasst: Terminieren einer lebenden
Polymerkette mit einem Funktionalisierungsmittel, wobei das Funktionalisierungsmittel durch die Formel

Z-R4-α

definiert ist, worin Z eine Abgangsgruppe oder eine Additionsgruppe ist, R4 eine Bindung oder eine zweiwertige
organische Gruppe ist und α ein schwefelhaltiger Heterozyklus ist, ausgewählt aus Thiiran-, Thietan-, Thiolan-,
Thiazolin-, Dihydrothiophen-, Thiadiazin-, Thioxanthen-, Thianthren-, Phenoxathiin-, Dihydroisothiazol- oder Thien-
ofurangruppe oder substituierten Formen davon.

3. Verfahren zur Herstellung einer gehärteten Reifenkomponente, wobei das Verfahren umfasst: Bereitstellen einer
Kautschukformulierung umfassend mindestens einen vulkanisierbaren Kautschuk und einen Füllstoff, wobei der
mindestens eine vulkanisierbare Kautschuk ein funktionelles Polymer ist, das durch die Formel

π-R1-α

definiert ist, worin π eine Polymerkette ist, R1 eine Bindung oder eine zweiwertige organische Gruppe, und α ein
schwefelhaltiger Heterozyklus ist, ausgewählt aus einer Thiiran-, Thietan-, Thiolan-, Thiazolin-, Dihydrothiophen-,
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Thiadiazin-, Thioxanthen-, Thianthren-, Phenoxathiin-, Dihydroisothiazol- oder Thienofurangruppe oder substituier-
ten Formen davon.

4. Verwendung eines funktionellen Polymers, wie in Anspruch 1 definiert, zur Herstellung einer Reifenkomponente.

5. Vulkanisat, hergestellt durch Vulkanisieren einer Kautschukformulierung, umfassend mindestens einen vulkanisier-
baren Kautschuk und einen Füllstoff, wobei der mindestens eine vulkanisierbare Kautschuk ein wie in Anspruch 1
definiertes funktionelles Polymer ist.

6. Reifenkomponentenzusammensetzung umfassend ein funktionelles Polymer wie in Anspruch 1 definiert.

7. Reifenkomponentenzusammensetzung nach Anspruch 6, wobei die Reifenkomponentenzusammensetzung eine
Laufflächen- bzw. Profilzusammensetzung ist und 10 bis 100 Gew.-% des funktionellen Polymers, bezogen auf den
gesamten Kautschuk in der Zusammensetzung, umfasst.

8. Polymer nach Anspruch 1 oder Verfahren nach Anspruch 3, wobei das funktionelle Polymer durch die Formel

definiert werden kann, worin π eine Polymerkette ist, R1 eine Bindung oder eine zweiwertige organische Gruppe
ist, jedes R2 unabhängig Wasserstoff oder eine einwertige organische Gruppe ist, jedes R3 unabhängig Wasserstoff
oder eine einwertige organische Gruppe ist oder wobei alle R3 untereinander kombiniert werden, wobei eine zwei-
wertige organische Gruppe gebildet wird; oder wobei das funktionelle Polymer durch die Formel

definiert werden kann, wobei π eine Polymerkette ist, jedes R5 unabhängig eine einwertige organische Gruppe ist,
R6 eine Bindung oder zweiwertige organische Gruppe ist und α ein schwefelhaltiger Heterozyklus ist.

9. Polymer nach Anspruch 1, oder das Verfahren nach Anspruch 3, wobei R1 den Rest einer Additionsreaktion zwischen
einer Additionsgruppe und einem lebenden Polymer umfasst und wobei die Additionsgruppe eine Nitrilgruppe, eine
Schiffbase, eine Ketongruppe, eine Aldehydgruppe, oder eine Estergruppe umfasst.

10. Polymer nach Anspruch 1 oder Verfahren nach Anspruch 2 oder 3, wobei die Polymerkette ein kautschukartiges
Polymer mit einem Tg-Wert, der weniger als 0°C beträgt, ist.

11. Polymer nach Anspruch 1 oder Verfahren nach Anspruch 2 oder 3, wobei die Polymerkette Polybutadien, Polyiso-
pren, Poly(styrol-co-butadien), Poly(styrol-co-butadien-co-isopren), Poly(isopren-co-styrol), oder Poly(butadien-
co-isopren) ist.

12. Verfahren nach Anspruch 2, wobei Z ein Halogenid, eine Thioalkoxidgruppe, eine Alkoxidgruppe, eine Dialkylamin-
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gruppe, eine Nitrilgruppe, eine Schiffbase, eine Ketongruppe, eine Aldehydgruppe oder eine Estergruppe umfasst.

13. Verfahren nach Anspruch 3, wobei der Füllstoff Ruß, Siliziumdioxid oder beides ist.

Revendications

1. Polymère fonctionnel qui est défini par la formule

π-R1-α

où π est une chaîne polymère, R1 est une liaison ou un groupe organique divalent, et α est un hétérocycle sulfuré
choisi parmi un groupe thiiranne, thiétanne, thiolanne, thiazoline, dihydrothiophène, thiadiazine, thioxanthène,
thianthrène, phénoxathiine, dihydroisothiazole ou thiénofuranne ou une forme substituée de celui-ci.

2. Procédé de préparation d’un polymère fonctionnel, le procédé comprenant : la terminaison d’une chaîne polymère
vivante avec un agent de fonctionnalisation, l’agent de fonctionnalisation étant défini par la formule

Z-R4-α

où Z est un groupe partant ou un groupe d’addition, R4 est une liaison ou un groupe organique divalent, et α est un
hétérocycle sulfuré choisi parmi un groupe thiiranne, thiétanne, thiolanne, thiazoline, dihydrothiophène, thiadiazine,
thioxanthène, thianthrène, phénoxathiine, dihydroisothiazole ou thiénofuranne ou une forme substituée de celui-ci.

3. Procédé de fabrication d’un composant de pneumatique vulcanisé, le procédé comprenant :

la fourniture d’une formulation de caoutchouc comprenant au moins un caoutchouc vulcanisable et une charge,
dans lequel ledit au moins un caoutchouc vulcanisable est un polymère fonctionnel qui est défini par la formule

π-R1-α

où π est une chaîne polymère, R1 est une liaison ou un groupe organique divalent, et α est un hétérocycle
sulfuré choisi parmi un groupe thiiranne, thiétanne, thiolanne, thiazoline, dihydrothiophène, thiadiazine, thioxan-
thène, thianthrène, phénoxathiine, dihydroisothiazole ou thiénofuranne ou une forme substituée de celui-ci.

4. Utilisation d’un polymère fonctionnel tel que défini dans la revendication 1, pour la fabrication d’un composant de
pneumatique.

5. Vulcanisat préparé en vulcanisant une formulation de caoutchouc comprenant au moins un caoutchouc vulcanisable
et une charge, dans lequel ledit au moins un caoutchouc vulcanisable est un polymère fonctionnel tel que défini
dans la revendication 1.

6. Composition de composant de pneumatique comprenant un polymère fonctionnel tel que défini dans la revendication
1.

7. Composition de composant de pneumatique selon la revendication 6, dans laquelle la composition de composant
de pneumatique est une composition de bande de roulement et comprend 10 à 100 % en poids du polymère
fonctionnel par rapport au caoutchouc total contenu dans la composition.

8. Polymère selon la revendication 1, ou procédé selon la revendication 3, dans lequel le polymère fonctionnel peut
être défini par la formule
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où π est une chaîne polymère, R1 est une liaison ou un groupe organique divalent, chaque R2 est indépendamment
l’hydrogène ou un groupe organique monovalent, chaque R3 est indépendamment l’hydrogène ou un groupe orga-
nique monovalent, ou bien les R3 sont combinés entre eux pour former un groupe organique divalent ; ou dans
lequel le polymère fonctionnel peut être défini par la formule

où n est une chaîne polymère, chaque R5 est indépendamment un groupe organique monovalent, R6 est une liaison
ou un groupe organique divalent, et α est un hétérocycle sulfuré.

9. Polymère selon la revendication 1, ou procédé selon la revendication 3, dans lequel R1 comprend le résidu d’une
réaction d’addition entre un groupe d’addition et un polymère vivant, et dans lequel le groupe d’addition comprend
un groupe nitrile, une base de Schiff, un groupe cétone, un groupe aldéhyde ou un groupe ester.

10. Polymère selon la revendication 1, ou procédé selon la revendication 2 ou 3, dans lequel la chaîne polymère est
un polymère caoutchouteux ayant une Tg qui est inférieure à 0°C.

11. Polymère selon la revendication 1, ou procédé selon la revendication 2 ou 3, dans lequel la chaîne polymère consiste
en polybutadiène, polyisoprène, poly(styrène-co-butadiène), poly(styrène-co-butadiène-co-isoprène), poly(isoprè-
ne-co-styrène) ou poly(butadiène-co-isoprène).

12. Procédé selon la revendication 2, dans lequel Z comprend un halogénure, un groupe thioalcoolate, un groupe
alcoolate, un groupe dialkylamine, un groupe nitrile, une base de Schiff, un groupe cétone, un groupe aldéhyde ou
un groupe ester.

13. Procédé selon la revendication 3, dans lequel la charge est du noir de carbone et/ou de la silice.
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